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My dear friend Gene Shoemaker had a very special dream
He wanted to go to the noon
He devoted much of his career to training astronauts so they

could make this trip successfully. He was one of the world's
forenpst experts in crater and planetary science. And as you

all know, he -- along with his wife -- even hel ped di scover a
conet . . . it's naned after him
But his dream. . . was to go to the noon

Today, a small portion of his ashes are aboard the Lunar
Prospector that successfully |aunched from Cape Canaver al
[ ast ni ght.
H's dreamis com ng true

SO i S NASA' s.
Because Lunar Prospector synbolizes where NASA i s going and
what we dream about -- and |I'mnot just tal king about going
back to the noon for the first tine in 25 years.

Last night, the Lunar Prospector [|aunched on a Lockheed

Martin Athena-2 rocket -- a brand new rocket . . . the first
time it worked. It carries half the payload at half the cost
of existing rockets . . . showing that we don't need big,

expensi ve | aunch vehicl es.

The entire life cycle of the Lunar Prospector m ssion was
only 63 mllion dollars -- our |owest cost planetary m ssion
W [ aunched it about three years after we began devel opnent.
And it's going to provide wonderful science. (I'massum ng
we're going to get to the noon by Sunday.)

Just think about this success story and conpare it to where
we were when we net two years ago in San Antonio.

Back then, not only was our country in the mdst of a budget
crisis . . . but NASA was in the mdst of a major revolution.

W& were being challenged to do nore with less. To plan much
better. To focus on our custoners -- the American public.
To concentrate on scientific output . . . not financial
input. And to do the hard and exciting things that people
expect from NASA

| don't have to tell you that it hasn't always been this way.
In the early 1990's, we -- especially the Space Science program



-- were in deep trouble:

Hubbl e was a ness; an icon for failure in U S. science and
technol ogy. The Advanced X-Ray Astrophysics Facility (AXAF)
devel opnent had been broken into two m ssions and the second
hal f cancel ed.

The Galileo mission had a broken antenna, Mars Cbserver was on
its way to a major disaster.

No new pl anetary or astrophysical progranms were on the books
and those that were planned were unrealistically expensive and
had undevel oped technol ogi es that they were relying on

At that tinme, Space Science mssions cost half- to multiple-
billion dollars, weighed thousands of kil ograns, took al nost a
decade to build and al nost al ways overran their budget by |arge
anount s.

At this cost, there was al nbst no hope that any other m ssions
woul d be built in the near future.

We had an uphill battle in front of us. W were a troubled
space agency.

Two years ago in San Antonio, a |ot of people asked: How do you
"inmplement"” a plan to do great science in a tinme of declining
budget s? They questi oned whether it could even be done?

Today, I'mhere to say: "Yes. It can be done. And together
we're doing it."

Hubbl e is fixed and has becone a synbol for success and
inspiration for U S. science and technol ogy; one of the nost
remar kabl e turn-arounds in the history of the agency. Proof of
that comes with every image . . . whether it's a picture of two
galaxies colliding . . . or the inmge of magnificent
interstellar clouds caught in the act of form ng new stars.

The AXAF imaging mission is getting ready to | aunch and the
second half -- the spectroscopy mission -- has been resurrected
t hrough cooperation with the Japanese.

Galileo's mssion to Jupiter was saved through shear innovation
and hard work by the wonderful engineers at the Jet Propul sion
Laboratory (JPL). . . and we have started a successful Mars
robotic exploration programthat has already electrified the
wor | d.

And we are now set to fulfill the two decade-old dream of space
astrononers; conpleting the fleet of Great Cbservatories.

Two years ago, | prom sed you the Space InfraRed Tel escope
Facility (SIRTF) and the Stratospheric Observatory for |InfraRed
Astronony (SCFIA). Today, you have them bot h.

You not only have the dream of the Great (bservatories



fulfilled, but you al so have a growing fleet of smaller
conplimentary spacecraft . . . sixteen new observatories are
al ready flying or under devel opment.

Al one, this progress we have nade over the past two years is

i npressive. But when you couple that progress with sone of the

di scoveries that are -- in part -- the result of this progress .
it is truly extraordinary.

Recent discoveri es:

In so many areas, we have nmade amazi ng di scoveries. Just think
about the pictures of the Red Planet in the news nagazi nes or
the countless tines an i nage from Hubbl e appeared on the front
page of a maj or newspaper.

But allow ne to share with you sonme of the discoveries we've

made in just one area -- Origins. Incidentally, we tal ked about
the Oigins programin San Antonio. Two years and a \Wite House
synmposiumwith the Vice President later . . . the President has
proposed an Origins initiative . . . and Congress has accepted

it.
Here's what we' ve found:

First -- The Hubbl e Space Tel escope directly detected
a planet around a star.

Just a few years ago, the Hubble Space Tel escope took a
picture of a Jupiter-sized planet around another star
about 40 astronom cal units away.

Evi dence that the planet form ng process nay be common
around young stars.

The Hubbl e Space Tel escope al so | ooked at the Oion Nebul a
and found newborn stars with proto-planetary disks of gas and
dust . . . they look just |ike what we think our own proto-

pl anetary di sks m ght have | ooked |ike before planets forned
in our solar system

Mars -- 3.8 billion years ago, Earth and Mars were
very nuch alike.

They were warm They had vol canic activity. They were wet.
They had condensed environments wi th dense at nospheres of
carbon di oxi de and protective magnetic fields.

The Mars Pat hfinder returned strong evidence that there was
fl owi ng water.

The Mars d obal Surveyor detected a remmant magnetic field on
Mars. So we think it probably had a protective shield from
cosmic radiation early in its evolution

Mars Rock . . . ALH84001



W think we mght have found a fossilized sanple of life from
that's about 3.6 billion years old . . . that's a few 100
mllion years after we think water appeared on Mars

and about 100 million years before Earth's earliest fossi

m crobe.

Eur opa -- ocean

On Europa, one of Jupiter's moons, we think we rmay have found
a liquid water ocean underneath a thick ice crust.

Because Jupiter is so big, and this noon rotates around it,
the gravitational pulling could heat up the core of Europa.
So we mght have a condition where there is a liquid or slush
ocean underneath all the ice.

W have found that the instant life coul d exi st
it did.

3.9 billion years ago, the Earth cooled down to the point
where we had liquid water on the surface. W found a fossi
carbon in Geenland a few years ago, that was 3.85 billion
year s- ol d.

Thi nk about it. Wthin just 70 mllion years . . . of a 4.6
billion year history . . . this is mlli-seconds -- a blink
of the eye -- on the geological tinme scale . . . life

devel oped on Earth.

And we have found that |ife exists in extreme
condi tions.

Life exists in boiling water under crushing pressures. Life
exists in near-freezing lakes in the Arctic and Antarctic.
Life exists in acid pools near vol canic geysers. And mles
bel ow the Earth's surface, there is |ife eating away at rock
and bel chi ng gas.

We now find life on Earth where ever we find the tiniest
anount of moisture with some source of energy, a transport
mechani sm and protection fromlethal space radiation

So here are the concl usions:

One is led to believe that planet formng may be conmon.

Many stars -- we believe -- may have planets circling them
Life exists in extrene conditions. Single-cell life arises
early and easily. And maybe, life m ght not be unique to

Eart h.

Soon we wi |l have further advances -- |ike the Next
Ceneration Space Tel escope to replace the Hubble . . . a new

breed of space observatories, space interferoneters, that

will search for and study planets around other stars with
unprecedented spatial resolution. And with these advances we
will finally begin to obtain a deeper understandi ng of: who
we are . . . where we cone from. . . and where we m ght be



goi ng.

VWat a time to be part of the space program \What an
unbel i evable tine to be alive.

And it seens |like every week we're finding sonething new

O course, there's a good reason for that -- sonmething a | ot of
people in this roomcan take credit for. After all, the

devel opnents and the di scoveries did not happen overnight. And
they certainly did not happen by chance.

Restructuring:

Two years ago, | told you we needed to do things in an entirely
new way.

| said, we can no | onger manage prograns according to object

orientation. | said we could not afford -- nor was it right --
to be driven by big progranms. Qur custoners -- the Anerican
t axpayers -- deserved nore

| said, NASA nust be organi zed and dedi cated to answering
fundanmental scientific questions -- questions outlined in our
strategic plan.

Two of those fundanmental scientific questions in our strategic
plan relate directly to space science:

First: How did the Universe, gal axies, stars and planets form
and evol ve? How can our exploration of the Universe and our
sol ar system revol utionize our understandi ng of physics,
chem stry and bi ol ogy?

And secondly: Does life in any form however sinple or conplex,
car bon- based or other, exist el sewhere than on planet Earth?
Are there Earth-like planets beyond our solar systenf

The Space Science enterprise will also help answer questions
i ke how we can use the know edge we gai n about the Sun and
Earth and other planetary bodies to inprove our lives here on
Earth . . . and what cutting edge technol ogi es nmust we devel op
to enabl e our research agenda.

So Ws Huntress and his team got together with many of you --
because we couldn't do this alone . . . and you went to work.

And what a job you did.

You net the challenge to reduce these fundanental scientific
guestions into an inspirational statenment of what Space Science
wants to do and where we want to go

And just as inportant -- that statement can be understood by
anyone . . . especially those who provide the funding for the
pr ogr am



Thi s was an unbel i evabl e undert aki ng and peopl e have been very
conpl i nentary.

By the way, if you want to read NASA's strategic plan . . . or
the roadmap for the Ofice of Space Science (or NASA s ot her
enterprises: Earth Science, Aeronautics and Access to Space, and
Human Expl oration and Devel opnment of Space), you can access them
t hrough our web site. WAV NASA. GOV

We now have four sinple points that instantly articulate the
m ssion -- our roadmap -- of Space Science.

W want :

€ to Solve Mysteries of the Universe

€ to Explore the Sol ar System

€ to Discover Planets Around Qther Stars
€ and to Search for Life Beyond Earth

Al of you did a great job

But we nust renmenber. . . this plan is not an end. It is a
starting point.

Qur goal is -- and this plan requires us -- to push the envel ope
of technol ogy.

W& need to be building spacecraft out of chip sets, not out of
| arge nunmbers of 10 kg bl ack boxes connected with mles of wire
har ness.

We need to be able to build themon the table top with a few
peopl e instead of in high bay areas wi th hundreds of people.

We need to be able to make the spacecraft bus of the future in
the sane way we nake personal conputers today so that the
spacecraft becomes a service function to the mssion, just |ike
| aunch services, and the neans to an end; not the end in itself
as it is nost often today. Too often people are concentrating
on w nning big spacecraft contracts so they can build big
enpires . . . so they get big profits . . . instead of
delivering science to the Anerican people.

W will no Ionger call them spacecraft, but sciencecraft.

And we need to be able to operate themjust as we do PC s today
-- wWith standard operating system software including a m ssion-
specific layer . . . and just a few people using workstations
and not hundreds of people using mainfranes with custom software
for each mssion. W proved we could do this with the Mars

Pat hfi nder. Wen we sent Viking to Mars twenty years ago, we
had a thousand people in operations. On Pathfinder, we had 50.

W have a lot to do -- and later this afternoon, Wes Huntress
wi Il discuss the strategic plan in nore detail. But 1'd like to
touch on a few things to get you thinking . . . and inmagining .

and, yes, dreaming a little . . . just |ike Gene Shoemaker



VWhat the Future holds is a Bal anced program

Thi s wonderful strategic plan for space science provides a

bal anced programfor the future - it responds to solving the
nmysteries of the Universe, exploring the solar system

di scovering planets around other stars, and searching for life
beyond Eart h.

€ TO SOLVE MYSTERI ES OF THE UNI VERSE

Astrononers are really just scientists at work in the
greatest |aboratory of all -- the Universe. You investigate
the birth of stars and gal axi es, di scover possible oceans on
di stant noons of Jupiter, probe the structure of the Sun, and
reveal the secrets of black holes.

And solving the nysteries of the Universe is one of the great
public chall enges of NASA and the Ofice of Space Science.
It challenges us all to think nore creatively.

But we have nore nysteries to solve
Ganma ray bursts:

Ganma ray bursts have been one of the premier Mysteries of
t he Universe for over 30 years.

We learned a lot this year with the first detections of gamma
ray burst afterglows in X-Ray and optical light. Now we know
what questions to ask with our next generation of m ssions.

Can we see relativistic signatures fromthe ganmma rays? Can
we detect the pronpt X-rays fromthe gamma ray burst? Can we
see the optical and radio light fromall gamma ray bursts?

W will need greater sensitivity - at |least two orders of
magni t ude - and nore preci se positions - at |least a factor of
10 better (fromarc mnutes to arc seconds) - and rapid
response - not hours, but seconds.

We nust go from our phenonenol ogi cal understanding to

expl ori ng new physics. The technol ogical nmeans to do this
are in-hand . . . and can be done with the NASA M DEX cl ass
of mssion . . . and hopefully, for just tens of mllions of
dollars. Peer revieww ||l determine it. And |I'm hoping that
someone in this roomw |l be inspired to send a proposal and
finally nail down these gamma ray bursts.

Acti ve gal axi es:

The mystery of active gal axi es has been with us since the

di scovery of the first quasar 35 years ago. W think they
are powered by massive black holes at the center of a gal axy.

But what clues do black holes hold for understandi ng the
physics that has controlled our universe, since the origin of



t he whol e shebang? Wat is the new physics involved in
creating high energy gamma rays in what may be the | argest
particle accelerators in the Universe?

W& need X-Ray and gamma ray observatories which can peer
t hrough the obstructions of the accretion disk and the
surroundi ng corona, peer directly into the heart of the black
hole. And do it over the broadest possible energy range

to maybe give us a hint of the environment at the boundary
of a black hole.

The next generation X-Ray m ssion CONSTELLATION will help
solve the nystery of what powers active gal axies. But first
we nust sol ve the mmjor technol ogy chall enge. That challenge
is lightweight, high resolution mrrors . . . about an order
of magnitude lighter than we've ever built, the Astro-E

W& need a nuch lighter systemto achieve the huge increase in
collecting area to allow high through-put spectroscopy
wi t hout hurting the launch system

"Il share with you an exanpl e.

If we achi eve an order of nagnitude reduction in weight, we
wi Il reduce the [aunch cost with existing | aunch technol ogi es
from$2.4 billion to $240 nmillion. That is why we're doing

t hi s.

Also at NASA, we're trying to devel op new | aunch vehicl es
that will cut the cost of launch. And if we're successfu

t hen, perhaps we could reduce the cost of this mssion by
anot her $200 nmillion. So what could have been a $2.5 billion
m ssion, may be able to be done for a quarter to a half
billion dollars.

But it's up to you. We will not have any noney for a new
start until you convince us that you sol ved the technol ogi ca
chal | enges.

And to study the gamma ray beans fromnature's accel erators,
we need a teameffort -- not just the astrophysicists but
particle physicists and high energy physicists as well.

GLAST -- which is the replacenent for the gamma ray
observatory -- is a particle physics experinent in space,
with wide-eyed vision . . . watching those rare high energy

ganma ray out bursts which nmake the Universe twi nkle and
change and evol ve at the highest energies. And it does this
by imaging half the sky at a tine by nmeasuring the energy

di stribution of collected ganma rays.

The technol ogy for GLAST is already here -- it's just a
matter of execution . . . at acceptable and m ni mum cost.
This is not a high cost mission. And again, we're expecting
someone to grab the bull by the horns and denonstrate this
can be done for cost.



Bi g Bang:

We all remain intrigued about the appearance of structure in
t he Universe: the Big Bang appeared so snooth to the Cosnic
Background Expl orer (COBE), so unperturbed, but we see
concentrations of gal axies interspersed with enornous voids,
stretching tens of mllions of |ight years.

It makes us ask: How did gal axies and the first stars forn?
How did they collect into vast clusters?

In about a decade, the Next Ceneration Space Tel escope (NGST)
will be our forenobst tool for studying the very earliest
stars and gal axi es.

Bui | di ng upon the foundation of the Hubbl e Space Tel escope

and soon SIRTF -- but a great |eap beyond both -- NGST will
i nvestigate the first bursts of stellar creation and the
concentration of matter into galaxies . . . the building

bl ocks of the cosnps.

And, in collaboration with our partners in the European Space
Agency . . . scientists will use the Far-InfraRed Space

Tel escope to study the birth of the heavy el enents. W hope
to study how the first stars enriched the young Universe with
the dusty matter necessary for planets and, perhaps, life.

However, just as NGST will reveal the details of the origin
of the first galaxies . . . it is also critical to map out
the fine-scale distribution of the ripples in the radiation
created within the Big Bang.

COBE showed us how snooth the early Universe was and future
m ssions -- the M crowave Anisotropy Probe (MAP) and Pl anck- -
wi Il hopefully show us how corrugated it was. And they wll
nmeasure the effects of gravity during this long-ago tinme .

and we may finally learn the fate of the Universe. The way
we're going to pick up these cosmc ripples is by devel opi ng
the technology to go to yet higher spatial resolution

Now |l et me shift gears -- exploring the solar system
€ TO EXPLORE THE SOLAR SYSTEM

Qur goal is to establish a virtual presence throughout the
sol ar system where we mght determine the history and study
the current environnent.

In effect, we will conplete the first census of our solar
system before the end of the next decade.

VWhat is the pre-biological history and biol ogical potenti al
of Mars and other bodies in the solar systen? Does a liquid
wat er ocean exi st today on Europa and is there evidence for
organi c or biological processes there? What are the
processes that underlie the diversity of solar system
objects, notably the snmall bodies, such as the Mon and



Pl ut o?
The m ssions:

A Europa Obiter will tell us whether or not there is a

gl obal ocean beneath that fractured, icy crust, and enabl e us
to pick out the nost promsing landing sites for a future

m ssion ai ned at probing beneath the surface.

The Pl ut o/ Kui per Express mission will investigate Pluto and
bodies in the Kuiper belt and determ ne the potential of the
Kui per belt as a source of water and other volatile materials
in the major planets.

The Mars Surveyor Programwi ||l conduct detail ed surface and
orbital studies to expand our knowl edge of Mars and enabl e
sel ection of sanples for return to Earth on sanmple-return

m ssions starting in 2005. And it is ny hope and expectation
that we will do this with the French. And if we get an
opportunity to use their Ariane 5 |aunch vehicle . . . we
wi Il not have one sanple return, but two. Discussions are

al ready under way.

The | ow cost m ssions of the Discovery Programwi |l continue
to conpl enent the outer planet and Mars ni ssions

wi th Lunar Prospector;

the Stardust mission to collect sanples of a conmet and
interstellar dust;

the Genesis mssion to collect a sanple of the solar wi nd ;
and the Conmet Nucl eus Tour (CONTOUR) mi ssion to the conets.

Along with Cassini and the continuing Galileo Europa m ssion
t hese spacecraft will revol utionize our understandi ng of our
own sol ar system

Just think. In the 1980's we | aunched two -- count them two
-- solar systemexploration mssions . . . Mgellan and
Glileo. During the 15 nonths begi nning in October 1997 we
wi I | launch seven spacecraft -- an average of one every 10
weeks.

Cassini, Lunar Prospector, Deep Space 1, Mars 98 Orbiter,
Mars 98 Lander, Deep Space 2 and Stardust.

And | mght say that the last six mssions are | ess than half
the price of Cassini. You are doing an outstanding job.

The technology -- if we're going to send spacecraft to Pluto
and the furthest reaches of the solar system they will need
revol uti onary propul sion and power systens. They will need
ultra-1 ow power consunption el ectronics which will enable the
conmuni cations industry here on Earth. They will al so need
to be a thinking, intelligent spacecraft. They might be too



far away for operational conmands to cone from M ssion
Control -- to communicate will be nuch nore difficult because
of the tremendous dilution of the signal over the |large and
vast di stances of space.

Thi s means radical change in operations and communi cati ons.
The Sun:

At the center of the Solar Systemis a variable star whose
hot outer envel ope expands at supersonic speed to fill the
solar systemwi th hot solar plasma out to at |east tw ce the
di stance to the outernost planet, Pluto.

How and why does the Sun vary? How does the Sun i npact

pl anetary environments? How does the Sun interact with the
interstellar mediun? How do we nost effectively use our
Sol ar Systemas a | aboratory for studying how stars work, the
i nteractions between a star and its surrounding system and
fundanment al pl asma physics processes that m ght help
understand the process of the energy generation here on our
own pl anet.

Solar Probe will nake the first fly-by close to a star to
enabl e cl ose-up inmaging of the solar surface and in situ
sanmpling of a stellar corona.

W& now believe that we know how to design and construct a
spacecraft that can survive in the intense thermal
environnent within three solar radii of the Sun's surface.
O her Smallsat and microsat mssions will performa
systematic study of the Sun-Earth system

For exanple . . . mcrosat technol ogy, mniaturized
instrunments, and an innovative |aser conmunication system can
enable flight of a mission with dozens of |ow cost microsats.
They coul d be | aunched on a single booster to sinultaneously
probe both single and small scal e phenonena in a highly

vari abl e pl anetary space environment.

€ TO DI SCOVER PLANETS AROUND OTHER STARS

| talked earlier about the discoveries of extra solar planets
and proto-planetary disks that resenble what we think our own
m ght have | ooked | i ke.

But we still have a |l ong way to go.

These results nmight be planets, but might also be "failed
stars.” Together with the National Science Foundation, we
nmust search for planets with nmuch [ ower masses than that

whi ch can be detected with today's techni ques. W rmnust | ook
for planets nore simlar to Earth.

We are going to challenge the community to execute the
technol ogy they devel oped and detect indirectly, fromthe
ground, the gravitational effects of planets 10 to 100 tines
| ess massive than those found so far



First, the Keck interferoneter will detect the presence of

pl anets with masses as small as that of Neptune, And not
long after, we will launch the Space Interferonetry M ssion
(SIM, which we hope will detect the presence of planets down
to afewtines that of Earth's nass.

This is not going to be easy, as images of planetary systens are
"polluted,"” by a factor of many mllions, by the intense Iight
of the star which warns these far-off worlds. But |I'm confident
we can do it.

Then, using techniques learned fromSIM we will build the
Terrestrial Planet Finder, an interferometer in space at |east
the size of a football field. The Planet Finder will produce
i mages of planetary systens and will analyze the faint |ight
fromplanets and search for the fingerprints of biologica
activity.

The NGST Project is now challenging this country's
t echnol ogi cal community to design and to devel op a depl oyabl e

tel escope perhaps as large as 8 neters -- nore than three

tinmes the size of Hubble -- in dianeter. And the surface
accuracy will be fine enough to operate at wavel engths as

short as 1/2 micronmeter . . . and at the operative

tenperatures of just above absol ute zero.

This is not easy. Mre about that later. By the way we have
two teanms who believe that they can build this with a
specific mass of |ess than Hubble by a factor of twelve .

and a total life cycle cost of a factor of 6 |ess than
Hubbl e.

We are approaching the goal | set two years ago. And the
technology will revolutionize not just astronomy . . . but it
will revolutionize the technology that helps formthe

econom ¢ base of Anerica.

To achi eve even greater resolution, we are challenging the
scientific community to develop Interferonmetry in space
first with SiIMearly in the next decade . . . and then with
Terrestrial Planet Finder a decade from now.

This is going to require systens capabl e of piconeters of
precision. . . and this over a baseline of 10s of neters to
1000s of meters. This is a also a tough thing to do.

Wth a successful SIMmssion, nuch of the technology will be
ready for Planet Finder, but one key element will be necessary -
- nulling: the capability to cancel the central starlight to a
part of 100,000 to 10 million or better and permtting the |ight
fromthe planet to be anal yzed.

Wen these missions are launched . . . then the scientific
community will have truly set NASA on the course to answer the
guestion we have all asked: "Are we al one?"



€ AND TO SEARCH FOR LI FE BEYOND EARTH

Ri ght now, for where we have found life, we have a sanple of
one. Planet Earth.

But fortunately, in part because of sone of the spacecraft |
descri bed, we are not bound to this planet. Wth space

expl oration and nodern instrunentation, the tools to solve
the nmystery of |life mght be at hand.

The innovative research and recent discoveries from space
exploration may find that life is a natural consequence of
pl anetary and chemical evolution, comon in the Universe.

How does biology fit into our understandi ng of the universe?

To help neet this challenge, we are introducing a new
uni fyi ng approach to biology within the Agency. ..
Ast r obi ol ogy.

Qur first request for proposals has brought in an incredible
response. | believe there are about 70 organizations that
i ntend to propose.

Astrobiology is the study of the chem stry, physics and
adaptations that influence the origin, evolution and destiny
of life. W intend to raise the consciousness of biol ogy
within the NASA by relating relevant biol ogical questions to
our m ssions and Prograns.

And that's a real challenge. For us. And also for you.

Qur contenporary ideas of |life are changing. W are

experienced in neasuring the inorganic . . . we still need to
beconme experts in neasuring the organic -- experts in the
signs of life . . . able to detect even the faintest traces
of life.

Here's an exanple -- when Galileo flew by Earth, an
experiment was done to detect life on our own planet only
with the instruments on Galil eo.

The data reveal ed that Earth has oxygen in the atnosphere
green pignent on the land surface . . . and nethane out of
equi i brium

But what does all of this nmean?

It nmeans that life on Earth is actually very subtle. At

ni ght, you can see lights. But in the daytine, virtually no
visible signs of intelligent |ife were detected.

Now expand this distance a billion times, from 100,000 niles
to 100 light-years. That's a chall enge.

Qzone, water, and carbon di oxi de can be detected with a very
large interferoneter, but to detect the biologically



i nportant nethane would require tel escopes 100 tines | arger
in area than we think we can build ten years from now

Detection of nitrous oxides would need an even | arger
t el escope.

So we are left with the question: what other biologica
fingerprints must we look for in the search for life?

In the case of Galileo flyby of the Earth, we knew the
solution . . . we cribbed the answer!

Life could be ubiquitous, but life on Earth could be
cosnol ogi cal | y uni que.

We just don't need to know where to look . . . W need to
know what to | ook for

Wy shoul d we expect oxygeni ¢ photosynthesis by green plants
to be universal? Maybe a purplish rhodopsin dom nates.
Maybe photosynthesis is rare. Qur own Earth did not have an

oxygen at nosphere for the first 2 billion years. A Glileo
fly-by two billion years ago woul d have concl uded Earth was
l[ifeless . . . but at the time, Earth was rich in mcrobial
life.

W& need to devel op understandi ng of potential bi ogeochem ca
cycles to build reasonable nodels of extraterrestrial
bi ospheres.

W& need a catal ogue of detectable "characteristics" of
extraterrestrial biospheres and a catal ogue of fingerprints
for life. The characteristic conbinations of chem ca
speci es nust be defined and the limts of detection net

bef ore we design spacecraft |ike Planet Finder.

Let me stop for a nonent to run an experinent.

How many of you have gone through the university systemwth
formal training in the biological sciences? Raise your
hands, proudly.

(O the 1500 people in the audience, two or three raised
t heir hands.)

Is this the group that is going to search for life?

This is a serious problem

The | eadership of NASA . . . the |leadership of the scientific
community . . . is saying we want to devel op platforns that
cost hundreds of mllions of dollars . . . yet we don't have

a biologist in the house to hel p us define what the
requi renents for the science mght be.

Thi nk about that.



That's why we set up a series of biology sem nars at NASA
Headquarters for our scientists and engineers. W're on a
hiring freeze . . . but NASA is hiring biologists. Because
bi ol ogy and bi ol ogi cal evol uti on has passed us by.

In this country, too often, we think as biology only in termns
of medical care. And we don't think about the inplication of
bi ol ogy on the fundanental science we do . . . or the tools
we're trying to build.

We really need to think and talk about this -- in this
organi zation and in the community at large. It is shameful
for us to have an origins programfor billions of dollars and

all we have is chem sts and physicists.

Now don't get me wong. Physical scientists are good. But |
think I made ny point.

The At nospheric chem sts, planetol ogists, and

geomi crobi ol ogi sts need to build a know edge base, do the
experiments and nodeling. And in a little over a decade,

pl anets orbiting other stars will be inmged and the question
will be "Is there Iife?"

WIIl we be ready to answer that question?

The scientific goal is not only discovering if there is life
el sewhere . . . but what is the range in the universe of

bi ol ogi cal possibilities and living systens?

We know that [ife can be tenaci ous and robust, and can
transforman entire planet, we do not know the range of
possibilities. Soneday we will need that information for

pl anet ary engi neeri ng.

Besi des peopl e who are technically trained, the public is
i nspired and stimul ated by the biol ogi cal sciences. New
conputers that use biol ogical elenents and run on
mcrocircuits, |like our brain, could be used in future
expl oration aboard very advanced spacecraft.

If we're successful building this biological conputer, the
energy consunption will be orders of magnitude |ess than that
of silicon.

Adapti ve strategies that change as the m ssion proceeds wl|
need not just Bmart' spacecraft, but devel opmental el enents
that build on know edge obtai ned during the m ssion

Expl orers of the future will not be m ssion specialists they
wi || be physicists, chemists -- and biologists -- interacting
wi th your robots.

We are about to venture into an experinment to forma
Qwirtual' Astrobiology Institute that will bring the
necessary physicists, chem sts, biologists and cosnol ogi sts
together electronically to devel op the detail ed questions of
the future.



Is RNA a universal nolecule involved in every life forn? How
small can life be? 1Is chemical chirality necessary? \Wat

pl anetary ni ches are forbi dden domai ns where no life can
exist? Wat is the biodiversity of life in the universe?
VWhat are the universal signs of life?

These are the kinds of questions all of us need to be asking.
And these are the kind of questions that we will be asking at
our new virtual Astrobiology Institute.

The Nation's response to the Pathfinder and the Hubble
success was a hallmark of its thirst to "find out.” W now
have to go beyond to the dreanms of our science fiction
witers, to show that nature is even nore renmarkabl e than our
i magi nati ons.

VWere we will be by 2020

And that leads nme, finally, to where | think we will be in the
next 25 years.

In a few years, we will transition to the New MI Il ennium at the
opening of what will be the Century of Space Travel, just as
this past century has been the Century of Air Travel.

NASA is ready for this.
And the public is ready for this.

The American peopl e have shown trenmendous excitenent for al

that we have been doing recently; we seemto have struck chord
with our plans for exploring Mars and the solar system and with
our plans to search for planets around other stars, and to | ook
for life beyond the earth and to solve the nysteries of the

uni ver se.

Beyond 2020

And now what about beyond 2020; beyond our current thinking
horizon. It is tine to start thinking about this as we approach
the New M Il enniumjust three years away. Here is ny vision

If we find other planets out there, especially Earth-Iike

pl anets, we will be faced with two strong inperatives: the
first will be to find out a |lot nore about themthan can be

| earned sinply fromthe reflection spectrum we will need to
take the next and nost difficult step of trying to i mage them
for fine structural detail.

And second, there will be a strong inperative to find a way to
travel there. This may sound a little far out, but just
renenber how far we have cone. There are a |ot of people who
know wi th certainty what cannot be done. These are not the

pi oneers of the future.

W al ready know what it will take to image a pl anet around



anot her star, and it is daunting . . . but not totally
i nconcei vabl e.

And since we humans have this incredible drive to keep on
exploring, we're going to want to send spacecraft toward these
di stant worlds we m ght have discovered in the cosm c ocean

VWhat an incredible way it would be to close the 21st century .
to have a spacecraft approaching a rendezvous w th anot her
pl anetary system

Qur devel oprments in autononmous, robust mcro spacecraft are one
of the keys to achieving that goal . . . but we need to extend
themto the next |evel.

W'l also need to keep pushing on things like inflatable
apertures and optical comunications, so we can have a

I i ght wei ght Hubbl e-si ze tel escope to use as an optica
transmtter on the spacecraft . . . and a Keck-size tel escope
for receiving signals on the ground. The key, however, is a
revol uti onary breakthrough in propul sion and power. W have
begun the search

W want to able to discover Earth-like planets around ot her
stars . . . and then be able to get there with our robotic
explorers in the span of just a few generations.

It will be extrenely difficult . . . but also very rewardi ng
And the tinme to start considering the revolutionary technol ogy
for such missions is today.

The | egacy for the 21st Century

W& have set 25 year goals for ourselves that will transition us
fromthe Century of Air Travel to the Century of Space Travel.

In the 19th Century we were citizens of Nationality. 1In the
20th Century we becane citizens of a global interconnected
economy. And in the 21st Century we will becone citizens of the
Sol ar System

These are the kind of goals that we would |like to bequeath to
the 21st century. W want:

To be able to send an aquabot -- a submersible -- to explore
t he oceans under the ice of Europa . . . maybe we'll find
some living organisns there . . . and in a broader sense,

determine if life is unique to planet Earth;

to provide an i mage of the namelstromat the event horizon of
a bl ack hol e;

to image the continents and oceans on di stant extra-solar
pl anets;

and to send an exploratory mssion to an Earth-1ike pl anet
around a near-by star . . . first with robots.



W& don't have the technol ogy.

Yet .

And some mi ght even say we never will.

But | ask you one final tinme to remenber that neeting in San
Antoni o two years ago. You might recall that when | asked we
develop an 8 nmeter, low cost, ultra-Iow weight, deployable
mrror for the NGST . . . there were sone who scoffed.

They said it's inpossible.

Now we have at |east two groups who say they can do it. You
can see for yourself in the Exhibition Hall.

And in only two years.

In other words, it's OKto dreamagain at NASA and in
America. And | encourage you to do just that.

Dr eam

Because when we dream. . . Anerica dreans . . . and the
wor |l d dreams.

VWhat drew ne into this field . . . and one of the reasons why
I"'mso proud to be NASA Adm nistrator . . . is that we --
especi ally the space science community -- are in the business

of maki ng dreans cone true
| hope that's why you're here. Now let's get to work.

HHH
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